Abstract. Rainstorm damage caused by the malfunction of urban drainage systems and water intrusion due to defects in the building envelope can be considerable. Little research on this topic focused on the collection of damage data, the understanding of damage mechanisms and the deepening of data analysis methods. In this paper, the relative contribution of different failure mechanisms to the occurrence of rainstorm damage is investigated, as well as the extent to which these mechanisms relate to weather variables. For a case study in Rotterdam, the Netherlands, a property level home insurance database of around 3100 water-related damage claims was analysed. The records include comprehensive transcripts of communication between insurer, insured and damage assessment experts, which allowed claims to be classified according to their actual damage cause. The results show that roof and wall leakage is the most frequent failure mechanism causing precipitation-related claims, followed by blocked roof gutters, melting snow and sewer flooding. Claims related to sewer flooding were less present in the data, but are associated with significantly larger claim sizes than claims in the majority class, i.e. roof and wall leakages. Rare events logistic regression analysis revealed that maximum rainfall intensity and rainfall volume are significant predictors for the occurrence probability of precipitation-related claims. Moreover, it was found that claims associated with rainfall intensities smaller than 7-8 mm in a 60-min window are mainly related to failure processes in the private domain, such as roof and wall leakages. For rainfall events that exceed the 7-8 mm h −1 threshold, the failure of systems in the public domain, such as sewer systems, start to contribute considerably to the overall occurrence probability of claims. The communication transcripts, however, lacked information to be conclusive about to which extent sewer-related claims were caused by overloading of sewer systems or failure of system components.
Introduction
Heavy rainfall causes considerable damage to building structure and content all over the world. Research on this topic has mainly concentrated on the adverse consequences of river flooding (Douglas et al., 2010; Jongman et al., 2012) . Little research focused on damage caused by the malfunction of urban drainage systems and direct water intrusion due to defects in the building envelope. Severe rainstorms have demonstrated that the impact of local high-intensity rainfall to cities can be large. On July 2011, Copenhagen was hit by 150 mm of rainfall in 3 h, which resulted in surcharging sewer systems, flooded houses, shops, roads and railways. Danish insurers received more than 90 000 claims and paid out more than EUR 800 million (2011 value) in compensation (Garne et al., 2013) . Another example is the heavy rainfall event of autumn 1998 in the Netherlands, which was associated with a return period of about 125 years and caused around EUR 410 million (1998 value) worth of damage to private buildings and agriculture (Jak and Kok, 2000) . The cumulative damage of minor rainfall events can also be considerable in the long run due to their high frequency of occurrence (Ten Veldhuis, 2011) .
Many authors, from fields related to different kinds of weather-related risks (e.g. hailstorms, landslides, river flooding, coastal flooding), have recognised that damage data are lacking or biased and that this is limiting the development 262
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of reliable damage models (e.g. Pielke and Downton, 2000; Hohl et al., 2002; Elmer et al., 2010; Gall et al., 2009; André et al., 2013) . The same is true for rainstorms; little research has focused on the collection of rainstorm damage data, the understanding of mechanisms causing damage and the deepening of statistical methods to analyse damage data. Among the exceptions are studies by Busch (2008) , Smith and Lawson (2011) , Einfalt et al. (2012) , Cheng (2012) , Zhou et al. (2013) , Climate Service Center (2013), and Spekkers et al. ( , 2014 , who analysed damage data sources (i.e. from insurance industry, local media, rescue service reports) and their relationships to rainfall data. As a result, there is no strong foundation for the development and validation of prediction models for rainstorm damage. Such models could help homeowners and water authorities to make better decisions on measures to prevent or reduce damage (e.g. retrofitting of buildings and early warning systems).
A potential source of damage data are insurance damage databases. They often contain claims collected over many years and from a large number of insured. A difficulty of insurance databases is that information on the mechanisms that cause damage and building-related, weather and socioeconomic variables are not or only limitedly available in claim data, or cannot easily be retrieved from insurers' data archives (André et al., 2013; Spekkers et al., 2014) .
This study aims to quantify the relative contribution of different failure mechanisms to the occurrence of building structure and content damage induced by rainstorms, and to investigate to what extent the probability of occurrence of these processes is related to weather variables. For this purpose, a property level database of around 3100 water-related damage claims was analysed, for a case study in Rotterdam, the Netherlands. An interesting feature of this database is that it includes comprehensive transcripts of communication between insurer, insured and damage assessment experts, which allowed the classification of claims based on the failure mechanisms causing damage. This information is, however, stored in an unstructured way that required substantial data classification efforts before data could be used for the analysis in this present paper.
The outline of this paper is as follows. In Sect. 2 insurance damage data and classification of claims are described, as well as the statistical method used to model the probability of claim occurrence as a function of weather variables. Results of data analyses and regressions are presented in Sect. 3, followed by discussion in Sect. 4. In Sect. 5, conclusions and recommendations are summarised.
Data and methods

Case study description
This study focuses on Rotterdam, which is, with a population of around 620 000, the second largest city of the Netherlands (Statistics Netherlands, 2014) . Because the city is relatively flat (maximum ground level variations of 10-15 m), floods from heavy rainfall are typically characterised by flood depths up to a few decimetres and limited surface run-off. Rotterdam's sewers are mainly combined systems (≈ 1800 km), although some parts of the city have separate systems for wastewater and stormwater (≈ 500 km) (Gemeente Rotterdam, 2011) . The average density of sewer pipes in the city centre is 15.6 km km −2 and 13 % of the area is surface water (i.e. city canals and ponds, not rivers) (Statistics Netherlands, 2013; . The majority of the buildings in Rotterdam were constructed in the 20th century. Rotterdam's urban fabric is characterised by a combination of terraced houses and high-rise residential and commercial buildings (Kadaster, 2013) . It is assumed that within the study period no changes have been made to the sewer infrastructure or the building portfolio of Rotterdam that have significantly affected the results of the present paper.
Insurance data
Insurance damage data were provided by a Dutch insurance company that is part of the Achmea insurance group 1 . Data are available at property level for the period of January 2007-October 2013 (data collected on: February 2014), containing around 3100 water-related claims. A claim relates to building structure or content damage or a combination of the two, depending on the available insurance policies at the risk address.
From each claim, the following information was available: risk address; type of insurance coverage; damage date; amount of compensation; and detailed transcripts of communication between insurer, insured and damage assessment experts (e.g. calls, abstracts from reports). The database was checked on missing and incorrect values, such as duplicated records, inconsistencies in date formats and claim coding. Every value associated with a year before 2013 was adjusted for inflation according to the correction indices in Table 1 . On average, the data set contained information of around 16 000 risk addresses, which is 6 % of the total number of households in Rotterdam. These risk addresses constitute a total number of around 21 000 insurance policies, of which around 6000 insurance policies relate to building structure insurance and around 15 000 to building content insurance. These numbers relate to data from one insurance company of the Achmea insurance group and do not reflect the market share in Rotterdam of the Achmea insurance group as a whole. Table 2 summarises the key features of the home insurance policy related to the present database. The general rule for a claim to be accepted is that damage should be unforeseen and to have occurred suddenly. Damage due to river flooding is not covered. Damage due to pluvial flooding is covered, provided that the damage is directly and solely related to localised heavy rainfall (Ministry of Transport, Public Works and Water Management, 2003) .
Classification of claims
For the purpose of this study, claims were manually classified according to the actual cause of damage using the information in the communication transcripts. Transcripts contain telegram style summaries of calls and abstracts from reports and typically vary in length, from a few lines to a few thousand words. When a claim is first reported at the insurer's call centre, the client is asked a few basic questions to verify if the client was indeed insured at the time of the damaging event and to make a quick assessment on the severity of the damage (e.g. "Is the risk address still habitable?"). Follow-up calls typically describe the actual cause of damage, an inventory of damaged goods and materials and the costs related to cleaning, drying, repairing or replacing goods and materials.
An easy-to-use web interface and SQL database was built based on the classification scheme listed in Table 3 . Failure mechanisms described in Table 3 are also shown graphically in Fig. 1 . Only one cause class per claim could be selected. Labels were given to each cause class to indicate whether the class relates to precipitation or not and whether the class relates to failures of systems in the public domain (i.e. responsibility of water authorities) or private domain (i.e. responsibility of homeowner, landlord or housing cooperative). Next to the classification scheme, a number of checkboxes was available to specify if (1) building or content was underinsured, (2) insured has not responded to a request for a long time, (3) claiming process is still ongoing (a typical processing time is a few months), (4) claim was rejected because of a lack of building maintenance and (5) damage was (partly) not insured. Classification was done by three people, by dividing the data set into three independent subsets containing 60, 36 and 4 % of the claims. On average, classification took 4 min per claim. The entire text was read first while making preliminary classification choices. A second reading was used to verify and finalise selections. If the available information was unclear or multi-interpretable, the claims were flagged for investigation by one of the other two persons. This happened to be the case for 7 % of the claims.
Weather variables
A set of weather variables was derived for each combination of risk address and day (i.e. a case) to investigate explanations for claim occurrence (Table 4) . Rainfall volume and maximum rainfall intensity were extracted from weather radar data, provided by the Royal Netherlands Meteorological Institute (KNMI), according to a method described in Spekkers et al. (2014) . Maximum rainfall intensity was calculated using a 15-min, 30-min and 60-min moving time window to study typical time scales of failure processes. Rainfall duration was not considered, because previous studies based on a similar insurance database for the Netherlands show that rainfall duration has no significant or weak effect to rainfall-related damage (Spekkers et al., , 2014 . Maximum temperature, daily-averaged wind speed, maximum hourly wind speed and wind gust were obtained from an automatic weather station operated by the KNMI, located in the north of the city, around 10 km from the city centre. The season of the year was included to account, for instance, for the occurrence of snow, hail and blockages of rain gutters due to autumn leaf fall.
Modelling the probability of claim occurrence
The modelling objective was to test the significance of weather variables in explaining the occurrence of precipitation-related claims. For each case, a unique combination of risk address and day, the outcome (Y i ) can be a reported claim (1) or not (0). The binary outcome can be linked to a set of weather variables (x 1 , . . ., x n ) using various types of models for binary data (McCullagh and Nelder, 1989) . In this study a logistic regression model was used: Table 3 . where θ i is the probability of claim occurrence (Y i = 1) and β 0 , . . ., β n are regression coefficients. The regression coefficients were estimated using maximum likelihood estimation. The significance of the regression coefficients is tested using the Wald test. Logistic regression is known to generate biased estimates for rare events data, i.e. data series in which only a low percentage of events occur, resulting in an underestimation of the probability of rare events (King and Zeng, 2001 ). In present database, only 1031 precipitation-related claims were recorded in the period of 2007-October 2013, which is on average 2.67 × 10 −5 claims per day per risk address. King and Zeng (2001) proposed a method, called rare events logistic regression, to deal with rare events data. This method encompasses a case-control design where ten times more non-events (i.e. no claim from an insured) are selected than events (i.e. a claim from an insured). The method first estimates regression coefficient using an ordinary logistic regression model (Eq. 1), then correcting regression coefficients for finite sample and rare events bias. For this purpose, the Rare Events Logistic Regression (relogit) routine from the Zelig package (Imai et al., 2007) for R was used.
Collinearity among explanatory variables was tested by calculating the Pearson's correlation coefficient between each pair of explanatory variables. None of the correlation coefficients yielded values > 0.7, which means that collinearity effects can be neglected (Dormann et al., 2013) . The likelihood ratio and a pseudo-R 2 statistic were used to evaluate goodness-of-fit of a model. The likelihood ratio compares the likelihood of a model with predictors to the likelihood of a model without predictors (i.e. interceptonly model), which tests if adding explanatory variables to a model significantly improves its fit. For logistic regression, there is no universally accepted measure that represents the proportion of variance explained by the predictors, such as R 2 for ordinary least-squares regression. Several pseudo-R 2 statistics exist; however, these statistics generally score much lower than their equivalent in ordinary least-square regression and are therefore found less informative. They can be used, nevertheless, to compare predictability of nested models. In this study, McFadden's R 2 is used (e.g. Long, 1997) .
Discarded data
During the validation process of the insurance data, it was found that on three extremely stormy days (i.e. storm Kyrill on 18 January 2007 and storms on 27 July 2013 and 28 October 2013), despite occurrence of rainfall, no or hardly any precipitation-related claims were recorded. Upon further inquiry, the insurer has indicated that on extremely stormy days, precipitation-related claims are often inaccurately recorded as storm-related claims. These 3 days were therefore excluded from the logistic regression analysis. 
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Relative occurrence frequencies and costs of claims
Analyses of the relative occurrence frequencies of damage causes show that leakage of roofs and walls is the most frequent failure mechanism generating water-related claims, followed by burst household water supply pipes, blockage or leakage of household wastewater systems and leakage of household appliances (Fig. 2) . Besides roof and wall leakages, other common precipitation-related failure mechanisms are blocked roof gutters, snow melting under roof tiles and sewer flooding. In general, 34 % of the claims were related to precipitation and 43 % to non-precipitation causes. For the remaining 23 %, it was unknown if the claim was related to precipitation or not. These unknowns include claims caused by water discharges from neighbouring properties and groundwater flooding. For groundwater flooding particularly, there was insufficient information to be able to distinguish between floods as a result of persistent rainfall or because of sudden wall failures not related to rainfall. For insurers, there is no strong need to collect information on the actual cause of groundwater flooding as they do not compensate for this type of flood (see also Table 2 ).
The top of Fig. 3 shows the yearly distribution of precipitation-related claims (white), non-precipitationrelated claims (grey) and claims for which the cause was unknown (black), for the years 2007-2013. There is an increase in the number of claims through the years. This increase is most apparent between 2008 and 2010 for precipitation-related claims and between 2009 and 2012 for non-precipitation-related claims. Possible explanations of these trends are discussed in Sect. 4. Most precipitationrelated claims are recorded in July-August and DecemberJanuary (bottom of Fig. 3) ; the December-January claims can partly be explained by the damage due to melting snow. Claims related to sewer flooding mainly occur in JuneAugust.
Although claims related to sewer flooding were less present in the data, they are associated with significantly larger claim sizes (EUR 1150-3160, based on the 95 % confidence interval around the median in Fig. 4 ) than claims generated by roof and wall leakages (EUR 680-840), the majority class. Sewer floods are costly because of the required (chemical) cleaning of sewage spills and replacement of goods that cannot be cleaned properly. In contrast, costs related to roof and wall leakages, which usually do not involve large water volumes, are relatively low and are limited to the repair of the leak and the painting of walls and ceiling.
Based on a qualitative analysis of outliers, it was found that exceptionally large claim sizes are related to cases where water leakage could not be stopped easily (e.g. a burst water supply pipe just outside the property), flooding occurred while no one was at home or temporary housing was required.
Effects of rainfall intensity on claim occurrence probability
In Fig. 5 , the empirical probability of precipitation-related claim occurrence per day per risk address is shown, as a function of the rainfall intensity (black dots, based on 1031 claims). Within the subset of precipitation-related claims, a further distinction was made between the occurrence probability of claims caused by failure of systems in the private domain (grey dots, 876 claims) and the public domain (light grey dots, 89 claims), according to column 5 ("Domain") of Table 3 . The empirical probability is calculated as follows: within a bin, with a size of 5 % of the range of x values, the number of successes (i.e. claims) are divided by the sample size (i.e. number of combinations of days and risk addresses 
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Rainfall intensity [mm/h] P(Claim)that can generate claims). Empirical probabilities are evaluated at each x value that corresponds with a claim. The top-left plot of Fig. 5 , based on a 60-min window, shows that the occurrence probability of precipitation-related claims increases with increasing rainfall intensity and that it increases considerably when rainfall intensity exceeds 7-8 mm h −1 . For events with rainfall intensities smaller than 7-8 mm h −1 , the occurrence probability of precipitation-related claims is mainly determined by failure processes in the private domain, which are primarily roof and wall leakages. Thus, roof damage and wall leakage already occur at small rainfall intensities, which suggest that leaks may be latent before first observed during a rainfall event. For rainfall events that exceed the 7-8 mm h −1 threshold, failure processes in the public domain start to contribute substantially to the overall occurrence probability. Similar conclusions can be drawn from the other two plots related to a 30-min (top-right) and a 15-min window (bottom-left), with the difference that rainfall threshold shift to 9-10 and 12 mm h −1 respectively. The locally-weighted regression lines reveal that relationships using the 30-min and 15-min window have a less linear nature than the ones based on a 60-min window.
Logistic regression results
Logistic regression analyses were performed to test the significance of various combinations of explanatory variables in explaining the occurrence probability of precipitation-related claims. Separate analyses were made for the occurrence of claims caused by failures of systems in the public and private domain (according to column 5 in Table 3 ). From the three variants of maximum rainfall intensity, the one based on a 60-min window was used for modelling. Regression coefficients were estimated based on the data in the rainfall intensity range of 5 to 12 mm h −1 (60-min window). Data associated with 12 mm h −1 or larger are scarce and are, therefore, likely biased towards single rainfall events. In a first attempt to fit a logistic regression model to data in the range of 0-12 mm h −1 , it was found that much weight was given to the data in the range of 0-5 mm h −1 , resulting in a poor fit to data in the higher rainfall intensity range. Possibly, claims associated with rainfall intensities of 0-5 mm h −1 are generated by a different process than the claims associated with rainfall intensities larger than 5 mm h −1 . More on this can be read in Sect. 4.
The goodness-of-fit measures of the various models, including a comparison of the likelihood ratio statistics between models, are summarised in Table 5 . The models that combine maximum rainfall intensity and rainfall volume result in better fits compared to the intercept-only models. Maximum temperature, wind parameters and season significantly improve the model fit for claims caused by failures of private systems, but not for claims caused by failures or public systems. Most of the explanatory power derives from maximum rainfall intensity and rainfall volume. Of all wind parameters, wind gust has best explanatory power. Table 6 lists the estimates of the regression coefficients for the two models that include all explanatory variables (using wind gust as wind parameter), further referred to as the "private model" and the "public model". The categorical variable "season" was modelled as four separate binary variables, where one level was dropped to avoid multicollinearity. The summer season was found to positively correlate with the occurrence of claims related to failure of private systems. Moreover, regression analysis revealed that the regression coefficient of the maximum rainfall intensity is larger for the public model than for the private model, which means that rainfall intensity more strongly affects the claim occurrence by failures of public systems than private systems. The odds ratio (exp(β)) related to maximum rainfall intensity varies between 1.16-1.27 for the private model and 1.33-1.95 for the public model, which means a 16-27 % and a 33-95 % increase in odds for each mm h −1 change in rainfall intensity, for private and public models respectively.
Discussion
Based on the insurance data for the case study in Rotterdam, a distinct rainfall intensity threshold could be defined, above which failures of public systems start to contribute considerably to the occurrence of damage claims (Fig. 5) . Interestingly, this threshold of 7-8 mm h −1 (based on a 60-min window) is not in line with the design standards of sewers in the Netherlands. Dutch sewers are designed to cope with rainfall intensities of 20 mm h −1 , which is associated with an event return period of approximately 2 years (Van Mameren, 1997; Van Luijtelaar, 1997; Koot, 1977) . This suggests that the threshold relates to some other damaging process than the simple overloading of sewer systems, for example, blockages in sewer pipes or malfunctioning of non-return valves in sewer laterals. On closer inspection of the communication transcripts of claims labelled as "sewer flooding", it was found that most cases relate to sewer backups from toilets or floor drains, and to a lesser extent to run-off entering buildings at ground level. Still, communication transcripts were inconclusive about the extent to which these claims were related to overloaded sewer systems or failure of system components.
Findings from the current body of work have implications for pluvial flood risk management. The return period of design storms as currently being used to design sewer systems in the Netherlands is largely based on political consensus. Potentially the results presented here can be used to obtain an objective design criterion based on risk assessment. Furthermore, this study provides insights into contributions of urban drainage systems to flood damage at city level. The results will support urban water managers in the evaluation of urban drainage system capacity and their decision-making 0.075 0.199 * p value < 0.05, * * p value < 0.01, * * * p value < 0.001 Note: standard error (SE) of estimate is given between brackets; the upper and lower bound of the 95 % confidence interval (C.I.) are exp(β ± 1.96 SE), assuming normality on the log odds scale.
about the need for and prioritisation of investment to increase drainage capacity. Further research is needed to explain why damage related drainage capacity occurs below the level of design capacity; this will help water managers to focus efforts on ensuring that their systems reach design capacity.
The results of this research have practical relevance for insurers. From this present case study, it became evident that the majority of the water-related claims are caused by roof and wall leakages. Thus, damage prevention programmes focusing on these causes may be helpful. When it is raining heavily (> 7-8 mm in a 60-min window) insurers can expect more claims related to sewer flooding that require special services for the cleaning of sewer spills.
In the higher range of rainfall intensities in Fig. 5 , relationships between rainfall intensity and claim occurrence probability become less distinct, which can partly be explained by the limited amount of claim data associated with extreme rainfall events. The present insurance database covers almost 7 years of claim data (2007 ( -October 2013 , where around 80 % of the precipitation-related claims relate to rainfall events with return periods less than 2 years. Around 10 % of the claims can be attributed to two exceptional rainfall events with a return period of 14-18 years. As a consequence, empirical probabilities in the higher range of rainfall intensities are unreliable and biased towards single rainfall events.
Claims associated with rainfall intensities of 0-5 mm h −1 in Fig. 5 (60-min window) are possibly generated by a different process than the claims related to rainfall intensities larger than 5 mm h −1 . It maybe the case that more specific damage processes can be distinguished within the existing cause classes. For example, the class "roof leakages" may contain two processes; one related to the presence of latent leaks that are first observed when it is raining and another one related to the exceedance of the "hydraulic capacity" of roofs. The hypothesis could not be tested based on the present database, because it lacked information to distinguish between the sub-processes.
In the top panel of Fig. 3 , an increasing trend is observed in the number of water-related claims in the period [2007] [2008] [2009] [2010] [2011] [2012] [2013] . There are a number of possible explanations for this trend. To start with, the number of policyholders may have increased in time. This could not be verified, because in the present study only policyholder data were available for a single snapshot in time. Another explanation may be related to burst household water supply pipes, which is the most frequent cause of nonprecipitation-related claims. Based on an unpublished report, the insurance company has observed a substantial increase in defects in water supply systems in the recent years, mainly because of incorrectly installed compression fittings. Other explanations that may be worthwhile to investigate are differences in climate variables between years and the effect of the 2007-2008 financial crisis on people's claiming behaviour.
There are a number of aspects with regard to uncertainty in insurance data. The occurrence of claims that relate to causes that are not covered by insurers (e.g. groundwater flooding) are probably underestimated by the data, simply because people may be aware of the fact that damage is not covered and, thus, not make a claim. Moreover, the reported claim date may not always be the date on which the damage occurred, for example, because the exact damage data is unknown, which may be the case when people are on holidays. Furthermore, addresses of the insured are based on static policyholder information, i.e. a situation on a snapshot in time (reference date: 31 July 2013). Errors in addresses may occur if policyholder information has changed (e.g. policyholders moving to another address).
Failure of public systems (e.g. sewer system) will probably mostly affect buildings that occupy ground floor. In the present study, no distinction was made between terraced or detached houses and high-rise buildings (i.e. houses that occupy first floor or higher). As a consequence, claim occurrence probabilities related to the failure of public systems is likely to be higher than the probabilities estimated in the present study, which is based on all building types.
Conclusions and recommendations
The main goal of the current study was to investigate the relative contributions of different failure mechanisms to the occurrence of rainstorm damage to building structure and content, as well as the extent to which the probability of occurrence of these failure mechanisms relate to weather variables. For this purpose, a property level home insurance database of around 3100 water-related damage claims was analysed, for a case study in Rotterdam, the Netherlands.
The results of this investigation show that the leakage of roofs and walls is the most frequent failure mechanism causing precipitation-related claims, followed by blocked roof gutters, snow melting under roof tiles and sewer flooding. Although claims related to sewer flooding were less present in the data, they are associated with significantly larger claim sizes (EUR 1150-3160, 95 % confidence interval around the median) than claims generated by roof and wall leakages (EUR 680-840), the majority class. Rare events logistic regression analysis revealed that maximum rainfall intensity and rainfall volume are significant predictors for the occurrence probability of precipitation-related claims. Moreover, it was found that claims associated with rainfall intensities smaller than 7-8 mm in a 60-min window are mainly caused by failures of systems in the private domain, such as roof leakages and blocked roof gutters. For rainfall events that exceed the 7-8 mm h −1 threshold, the failure of systems in the public domain, such as sewer systems, start to contribute considerably to the overall occurrence probability of claims. The communication transcripts, however, lacked conclusive information about the extent to which sewer-related claims were caused by the overloading of sewer systems or failure of system components.
It is worthwhile investigating the spatial distributions of water-related claim data in a future study, considering local conditions, such as building age and type and percentage of impervious area. An important limitation of this study is that the number of claims associated with extreme rainfall events was relatively small. Given the fact that manual classification took considerable amount of work, it is recommended to explore methods to automate and standardise classification of claim data, with the aim to process more data in future analyses.
